National survey data show that reported energy intake has decreased in recent decades despite a rise in the prevalence of obesity. This disparity may be due to a secular increase in under-reporting or a quantitatively greater decrease in energy expenditure. This study examines the extent of under-reporting of energy intake in the National Diet and Nutrition Survey (NDNS) in young people aged 4 -18 years in 1997 using published equations to calculate estimated energy requirements. It explores secular changes by comparison with the Diets of British School Children (DBSC) survey in 10 -11-and 14 -15-year-olds in 1983. In the NDNS, under-reporting (estimated energy requirements -energy intake) represented 21 % of energy needs in girls and 20 % in boys. The magnitude of under-reporting increased significantly with age (P, 0·001) and was higher in overweight than lean individuals over 7 years of age. To compare reported energy intake in DBSC and NDNS, the estimated physical activity level from dietary records (dPAL ¼ reported energy intake/predicted BMR) was calculated. If there were no under-reporting, dPAL would represent the subject's true activity level. However, dPAL from the NDNS was significantly lower than that from the DBSC by 8 % and 9 % in boys and girls for those aged 10 -11 years, and by 14 % and 11 % for 14 -15-year-olds respectively, reaching physiologically implausible levels in the 14 -15-yearold girls (dPAL ¼ 1·17). If activity levels have remained constant between the two surveys, under-reporting has increased by 8 -14 %. The evidence supports a secular trend towards increased under-reporting between the two surveys, but the precise magnitude cannot be quantified in the absence of historical measures of energy expenditure.
The prevalence of obesity is increasing worldwide in both adults and children, and attempts to explain this phenomenon have frequently made quantitative comparisons of energy intake and energy expenditure. At face value, data from large-scale surveys suggest that energy intake has decreased in recent decades, implying that even greater decreases in energy expenditure are principally responsible for the excess weight gain. However, the measurement of dietary intake in man is complex, and the problem of systematic under-reporting of energy intake in adults is well documented (Livingstone et al. 1990; Black et al. 1993; Trabulsi & Schoeller, 2001 ). In young people, studies suggest that under-reporting of dietary intake increases with age (Livingstone et al. 1992; Bandini et al. 2003) and is positively associated with body fatness (Bandini et al. 1990; Perks et al. 2000) . There has, however, been no consideration of whether under-reporting in young people has increased over time. This paper examines the extent of under-reporting of energy intake in data collected in the National Diet and Nutrition Survey (NDNS) of young people in 1997 and the Diets of British School Children (DBSC) survey in 1983 to evaluate whether levels of under-reporting might have increased between these two surveys.
Methods
Data from the NDNS and DBSC surveys were obtained from the UK Data Archive, University of Essex.
The NDNS is a programme of cross-sectional surveys of different population age groups designed to be nationally representative. This analysis uses the NDNS sample of 2127 young people aged 4-18 years studied in 1997. There are no previous dietary intake data in Great Britain comparable to those of the NDNS across the entire 4 -18-year age range. However, the DBSC provides a representative sample of young people in 1983 in two specific age groups recruited through schools (Department of Health, 1989) . It includes 2092 10 -11-year-old and 1266 14 -15-year-old children, including children of minority ethnic origin. A total of 1035 boys and 982 girls in the 10-11-year age group and 623 boys and 596 girls in the 14 -15-year age group with complete energy intake and anthropometry data were included in the present analysis. The sample design and methods for each survey have been described in more detail elsewhere (Department of Health, 1989; Gregory & Lowe, 2000) . Table 1 illustrates the design and main methods used in the two surveys.
The NDNS sample was based on households rather than school based, as with the DBSC. Both surveys measured dietary intake from a 7 d weighed diet record, but there were some differences in the methods used, as described in Table 1 . In both surveys, information from the dietary record was linked to a nutrient database that contained nutritional information on foods and drinks, prepared by nutritionists at the Ministry of Agriculture, Fisheries and Food and Office for National Statistics. The 1993 nutrient database included a greater range of foods. The dietary records were checked by nutritionists for completeness, and portion sizes were converted to weights. Energy intake (kJ) was calculated as the mean of the 7 d weighed measurements. In the DBSC, 4·5 % of subjects were excluded due to poor recording of dietary intake. In the NDNS, 20 % of subjects who agreed to participate did not complete the dietary record. There were no significant differences by social class or fieldwork wave between those who completed the dietary record and those who did not. However, completion of the dietary record was lower in young people aged 15 -18 years than in other age groups. No further exclusions were made.
Weight and height measurements were made in both surveys using similar methods. The weight status of individuals in both the NDNS and the DBSC was calculated using the international reference standard to define overweight and obesity (Cole et al. 2000) . This is based on average centiles, which equate to a BMI of 25 or 30 kg/m 2 at age 18 years for overweight and obesity respectively. Overweight is defined here as a BMI on or above the overweight cut-off and includes those classified as obese.
BMR was computed using published equations based on gender, age, weight and height (Schofield, 1985) , and these values were used to calculate each subject's estimated physical activity level (PAL) from dietary records by dividing the reported energy intake by the estimated BMR (dPAL).
To assess the validity of self-reported energy intake, it is necessary to determine energy needs. For the NDNS, estimated energy requirements (EER) were calculated from published sex and age-specific equations (Institute of Medicine of the National Academies, 2002). These equations, derived from collated doubly labelled water (DLW) energy expenditure data, allow for four PALssedentary, low activity, active and very active -with a corresponding activity coefficient in the EER equations.
The validity of the EER values used in the NDNS to estimate under-reporting was examined using data from the NDNS Feasibility Study undertaken in 1996. This study assessed the feasibility and validity of the dietary methods to be used in the main survey (Gregory & Lowe, 2000) by comparing the reported energy intake with total energy expenditure (TEE) calculated from 10 d DLW measurements. Calculations of TEE from the DLW were those used by Davies et al. (1994) except that the internal precision of each estimate was calculated as described by Cole & Coward (1992) and Ritz et al. (1996) . Complete data on TEE and food intake were available for seventy-four subjects from four geographical areas using standard procedures. The appropriate Local Research Ethics Committees for each selected area approved the NDNS Feasibility study.
PAL was calculated from the DLW data in the feasibility study (PAL ¼ TEE/BMR), with BMR estimated from published equations (Schofield, 1985) . Measured PAL corresponded to the active level (PAL$ 1·6, 1·9) in the published EER equations in all age groups and in both genders. This level was therefore used to calculate EER in the NDNS.
In the feasibility study, the EER was compared with the DLW-measured TEE. The correlation between EER and TEE was high in both boys and girls (Spearman's rho 0·81 and 0·76 respectively; P, 0·001). However, since there was a wide range of energy expenditure values, the data were log-transformed to estimate any proportional bias between the measured TEE and EER (Fig. 1) . The mean bias between the logged TEE and EER was small but statistically significant in girls (0·06, limits of agreement 2 0·26, 0·38; P, 0·05) although not in boys (0·02, limits of agreement 2 0·28, 0·31; NS). Overall, the bias was significantly correlated with body weight (r 0·231, P, 0·05) and, in boys only, with age independently of body weight (r 0·33, P , 0·05). Positive differences between EER and reported energy intake are described here as under-reporting. Results for anthropometric variables and PAL are expressed as means with their standard deviations and for non-parametric variables, such as estimated under-reporting (kJ/d), as medians with inter-quartile ranges. Inter-individual differences in the extent of estimated under-reporting were assessed using the Mann -Whitney U test. Kruskal Wallis one-way ANOVA was used to test differences between age groups. Differences between EER and measured TEE were compared using paired t tests. Differences between the DBSC and NDNS in reported energy intake and anthropometry within each age group were analysed using Mann -Whitney U tests and t tests respectively. Values of P, 0·05 were regarded as statistically significant, and all statistical analyses were performed using SPSS source w (version 11.0) (SPSS Inc, Chicago, IL, USA.)
Results

Under-reporting in the NDNS
In the NDNS, there was evidence of under-reporting in both girls and boys, expressed as the difference between EER and reported energy intake (kJ/d): girls 1885 (interquartile range 954-3140) boys 1864 (interquartile range 890-3581). This estimated under-reporting was not significantly different between the genders, equating to a median 21 % and 20 % of energy needs in boys and girls respectively. There was a significant trend of increasing estimated under-reporting with increasing age, reaching 34 % in both boys and girls aged 15-18 years (P, 0·001; Fig. 2 ). There was only a small increase in reported energy intake with age, with a median increase of 997 kJ/d in reported intake between the 4 -6-year and 15-17-year age groups in girls and a median increase of 2613 kJ/d in boys. In contrast, EER increased by a median 3303 kJ/d in girls and 6346 kJ/d in boys.
In boys and girls over 7 years of age, there was no significant difference in reported energy intake between overweight and lean subjects. When expressed as the difference between EER and reported energy intake, the estimated median under-reporting of energy intake was 139 % and 38 % higher in overweight than lean boys and girls over 7 years of age respectively (P, 0·001 in all groups except girls aged 7 -10 years: where P¼ 0·02; Fig. 3 ). Only forty-six girls (5·9 %) and twenty boys (2·5 %) reported that they were dieting at the time of the survey. Of those reporting to be dieting, 44 % of girls and 85 % of boys were defined as overweight. At the time of the survey, 160 girls (20 %) and 141 boys (17 %) reported feeling unwell. To investigate whether dieting or illness might confound the association, adjustment for self-reported general health and dieting was also made. Neither adjustment changed the extent of under-reporting in any of the above analyses (results not shown).
Trends between NDNS and DBSC
To assess the secular trends in under-reporting, comparisons of body weight, height, BMI and reported energy intake were performed for subjects in the DBSC 1983 survey and NDNS 1997 in two specific age groups. Median reported energy intakes were significantly lower (between 6 % and 11 %) in the NDNS 1997 compared with the DBSC. Conversely, mean body weight increased significantly between the two surveys, with weight differences of 2·6 kg and 1·8 kg in boys and girls aged 10-11 years, and 4·6 kg and 2·4 kg in boys and girls aged 14-15 years respectively (P, 0·05 in girls, P , 0·001 in boys, in all age groups; Table 2 ). Mean height also increased significantly in boys between 1983 and 1997, by 10 mm in those aged 10-11 years (P, 0·05) and by 20 mm in those aged 14 -15 years (P, 0·05). BMI, adjusting for any secular increase in height, also significantly increased in both genders and age groups. However, the increase in the percentage of overweight only reached significance in 14-15-year-old boys. Estimated dPAL was significantly lower in the NDNS in 1997 than the DBSC in 1983, by 8 % and 9 % in boys and girls for 10-11-year-olds, and 14 % and 11 % for 14 -15-yearolds, with a dPAL of 1·17 in 14 -15-year-old girls.
Discussion
This analysis suggests that there is a substantial underreporting of energy intake in the NDNS, equating to approximately 20 % of energy needs. Furthermore, the level of estimated under-reporting rises significantly with age and is higher in overweight young people than those of a healthy weight. A comparison of data from the DBSC and NDNS suggests a secular trend towards increasing under-reporting in the 14-year period between the surveys.
The exact magnitude of a secular trend cannot be quantified in the absence of historical measures of energy expenditure. However, given the increase in body weight and BMI between the two surveys, it can be predicted that BMR was significantly higher among young people in the NDNS compared with the DBSC survey. Two scenarios can thus be considered to explain the decrease in reported energy intake. If it is assumed that there was no under-reporting of dietary intake and that the young people were in energy balance during the survey week, each subject's estimated PAL would equate to their dPAL, calculated from dietary records. Estimated dPAL by this method was significantly lower in the NDNS than the DBSC in girls and boys in both age groups, suggesting a marked decline in physical activity. With these assumptions, physical activity levels must have decreased between 1983 and 1997 by 8 % and 9 % in boys and girls respectively for 10 -11-year-olds and 14 % and 11 % for 14-15 year-olds. Although there is no direct evidence of a secular trend of decreasing activity in young people (Livingstone et al. 2003) , it is generally perceived that activity levels may have decreased in recent decades as a result of a decline in active transport, a decrease in school sport and a rise in sedentary leisure activities.
On the other hand, if it is assumed that activity levels were the same in the two surveys, under-reporting must have increased by 8 -14 %. Support for the under-reporting hypothesis is provided by the implausibly low levels of absolute energy expenditure implicit in these reported dPAL values. Estimated dPAL in the NDNS 1997 was very low (1·17-1·44) and in older girls was on average below the estimated physiological minimum compatible with activities of daily living (Black, 1996) .
It should, however, be noted that there were differences in the food-recording methods between the two surveys. In the NDNS, further information on food consumed at school, including cooking methods and portion sizes, was obtained from the school catering manager, and a greatly expanded food database was used compared with the DBSC. In the DBSC, scales and record books were provided in school canteens to weigh school meals, which may have improved the accuracy of the reported energy intake. These differences would not, however, introduce any significant systematic bias in the results. Completion rates of the dietary records were lower in the 15 -18-year-old young people in the NDNS than in the DBSC. However, since this study was examining the extent of under-reporting within the surveys, such differences in methodology and completion rates are unlikely to explain such a large disparity in dPAL. We conclude that there has been a secular increase in under-reporting, although the data may in all probability be explained by a combination of an increase in under-reporting and a decrease in physical activity.
In large dietary surveys, precise measures of energy expenditure are not feasible, and therefore the extent of under-reporting can only be estimated. In our analyses, we have used predictive equations of energy requirements published in 2002 (Institute of Medicine of the National Academies, 2002) based on collated DLW energy expenditure data to estimate energy requirements in the NDNS survey. Unlike equations for energy requirements that are based on published dietary intake data, such as the earlier Food and Agriculture Organization/ World Health Organisation/ United Nations University (1985) equations, they are not subject to the same inherent errors as the survey's energy intake data. Although the data used to calculate the 2002 predictive equations were collected in non-randomly selected subjects, the data did include a wide range of children with respect to weight, height and activity levels. Unlike the Food and Agriculture Organisation/World Health Organisation/United Nations (1985) equations, the 2002 equations were based on studies largely in the United States and did not include studies from less-developed countries, thus making them more applicable to Western countries. There is nevertheless the possibility that these do not reflect the activity levels of young people in Great Britain in 1997. The equations allow adjustment for PAL, with four categories: sedentary, low active, active and very active. We used the NDNS Feasibility Study DLW data to develop age-and sexspecific PAL values to determine which PAL category was most appropriate for the 1997 NDNS. In each case, the 'active' category was selected. Since the subjects in the NDNS feasibility study were selected from a similar population base in the previous year, we think that this method of calculating under-reporting gives a good estimate of the extent of under-reporting in the NDNS.
We observed that estimated under-reporting increased with age. Studies in very young children (1·5-4·5 years) and pre-pubescents (5 -8 years) in which reported energy intakes have been validated by comparison with energy expenditure by DLW suggest an appropriate reporting of energy intake in these age groups (Davies et al. 1994 ; et al. 2002) . However, small studies in older children have found significant discrepancies between reported energy intake and measures of expenditure (Bandini et al. 1990; Livingstone et al. 1992; Bratteby et al. 1998) and, prospectively, an increase in the under-reporting of energy intake with age throughout adolescence (Bandini et al. 2003) . This could be because the parents and supervising adults of younger children record dietary intake more accurately than do older participants who record intake themselves. In older children, eating patterns may be less structured and may include more food eaten outside the home, particularly snacks, for which both quantity and composition are more difficult to estimate than they are for foods eaten at home; they are also more prone to be forgotten or deliberately missed out. It is clear from this analysis that a much greater disparity exists between reported intake and estimated energy requirements in overweight young people than in those of healthy weight, as previously reported in adolescents (Bandini et al. 1990 ) and commonly observed in adults (Heitmann & Lissner, 1995; Pryer et al. 1997 ). An under-reporting of energy intake, especially among overweight subjects, implies an under-reporting of specific dietary components. A selective under-reporting of dietary fat (Voss et al. 1998; Goris et al. 2000) , protein (Heitmann & Lissner, 1995) and snack items (Livingstone et al. 1990; Poppitt et al. 1998 ) has been reported in adults. This confounds attempts to understand the potential contributory role of specific dietary factors in the aetiology of obesity and other conditions. This systematic bias of reported dietary intake may either attenuate associations between dietary components and disease outcomes, leading to the acceptance of the null hypothesis, or alternatively imply spurious diet -disease relationships (Rosell et al. 2003 ).
McGloin
This analysis is not able to distinguish between underreporting and under-eating during the dietary record period, particularly among those who are trying to lose weight (Goris et al. 2000) . One limitation of this study was that no measurements were made to determine any changes in body weight during the recording week, which could provide some insights into this phenomenon. In the NDNS, only a small number of subjects reported being on a diet at the time of the survey. Limiting the analysis to those who did not report being on a diet or feeling unwell and who might be expected to be under-eating did not alter the overall results.
We conclude that the extent of under-reporting in young people in the NDNS 1997 is approximately 20 % of energy needs, under-reporting increases with age and is greater in overweight than lean individuals. The extent of underreporting may have increased since 1983, although the magnitude of this effect cannot be calculated in the absence of measures of energy expenditure at the time of the DBSC survey to determine secular changes in activity. The national nutrition surveys provide a wealth of information on food choice and eating habits from which public health strategies to tackle long-term health problems can be developed. However, the same caution given to under-reporting in interpreting dietary data from surveys in adults should also be applied to these data in young people. Biochemical measures of nutrient status are likely to provide a more robust estimate of the nutritional status of the population than assessments of reported dietary intake alone.
